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Abstract of GB615590 

A process for separating alloys by fractional crystallization in which those phases which solidify first are 
caused to separate out at relatively cool points is characterized in that with controlled cooling of the 
melt, the abstraction of heat is effected only by way of a determinate crystallization surface and at the 
same time the melt is maintained in lively uninterrupted movement so that the temperature and the 
composition of the melt remain uniform throughout and only close to the crystallization surface is there 
set up a temperature and concentration drop in which the difference in temperature between the melt 
and the crystallization surface is maintained at from 5 DEG to 20 DEG C. The walls or part of the wails 
of the vessel containing the melt may be artificially cooled to form a crystallization surface the melt 
being stirred e.g. mechanically or by an alternating magnetic p field. Alternatively the surface of a 
hollow, mechanically driven stirrer may itself be artificially cooled to form a crystallization surface. The 
crystallization may be concluded as soon as the bath temperature has fallen to a value exceeding the 
eutectic temperature by about the temperature difference at the crystallization surface. An example is 
given of the production of an alloy containing 54.05 per cent tin, 41 .50 per cent lead 3.55 per cent 
antimony and 0.15 per cent copper from a melt containing 53.04 per cent tin, 32.20 per cent lead, 
12.08 per cent antimony and 2.46 per cent copper. The production of an eutectic aluminium-silicon 
alloy containing 12.9 per cent silicon from a melt containing aluminium, 31 .5 per cent silicon and small 
quantities of iron and titanium, is also referred to. 
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COMPLETE SPECIFICATION 
Process of Separating Alloys 



We, Spolek vro Chemickou a Htttni 

Vybobtj Narodni Podnik, a Czecho- 
slavakiaii nationalized corporation, ot 

Stepanska 30, Prague II, Czechoslovakia, 
* do hereby declare the nature of this ln- 
vention and in what manner the same is 
to be performed, to be particularly des- 
cribed and ascertained in and by tne 
following statement: — 
in It is known that some alloys can be 
separated by means of fractional crystal- 
lisation of molten alloy into two or more 
phases having different freezing points. 
During this process the molten alloy is 
IB allowed to cool and the higher melting 
phase of the alloy migrates in the direc- 
tion of the thermal gradient to the cooler 
peripheral zone of the molten body here- 
inafter referred to as the melt, where it 
20 solidifies in the form of a scale or a layer 
of solid phase. In the remainder of the 
melt or liquid phase the lower melting- 
point phases are concentrated and are 
then removed from the solid phase bet ore 
25 the entire melt solidifies. As the dis- 
tance between the centre of the melt and 
the cooler peripheral zone is very great, 
the diffusion of the migrating phases 
requires a long time. Therefore, it 
30 would be necessary to cool the melt 
extraordinarily slowly, lest the diffusing 
phase should solidify on its long path 
before it reaches the peripheral zone 
where its separation in solid form is to 
35 be effected. 

In industrial practice the speed ot 
cooling is never low enough and some 
quantity of high melting phase separates 
in the centre of the melt before it reaches 
40 the periphery. After solidification, the 
crystals segregated can be separated 
later on the periphery, i.e., they can float 
up to the surface of the melt or sink 
to the bottom, only when their specific 
45 gravity differs substantially from the 
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specific gravity of the liquid phase. For 
this reason the described method is con- 
fined only to separation of such alloys 
the phases of which are of different 
specific gravity. It is evident that the 50 
effect of such a separation process is not 
quite satisfactory as the sinking or float- 
ing of solid phase entrains a consider- 
able amount of liquid phase, so that the 
solid: layer obtained is very miich 55 
enriched with included lower melting 
phase of liquid phase. To increase the 
yield of liquid phase a systematic and 
repeated treatment of solid phase would 
be required. 60 

It has now been found that the. sepa- 
ration process can be considerably 
accelerated and the purity of the liquid 
phase increased if during the treatment 
the molten alloy is kept in intensive con- 65 
tinuous movement and so much heat per 
unit of time is abstracted from the melt 
by means of a cooled surface, that is a 
crystallisation surface, provided for this 
purpose, that the entire higher melting 
phase separates only on the crystallisa- 
tion surface in a relatively short time 
and in the form of a very compact layer. 
If the heat accumulated* in the melt and 
surrounding masonry before the start of 75 
the process proves to be insufficient, thus 
cooling the melt too quickly, additional 
heat is applied at points remote from the 
crystallisation surface. 

It has been said that in the stationary 80 
crystallisation of a melt the higher freez- 
ing phases of the alloy are transferred 
from the centre of the melt to its peri- 
phery only by way of diffusion, which 
is a verv slow- 1 process owing* to the great 85 
distance and" to the fact that both the 
temperature and the concentration 
gradients are low. On the contrary, with 
an effectivelv stirred melt, the separat- 
ing phase is' transferred in the whole 90 
body of the melt by way of convection 
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as quickly as possible, and diffusion 
occurs only in the so called film, existing 
in the immediate vicinity of the cry- 
stallisation surface. Since the film is 
5 verythin and since the temperature 
gradient and the concentration gradient 
are both substantially elevated owing to 
the relatively high abstraction of heat 
from the melt, the diffusion process pro- 
10 eeeds at such a velocity that the sepa- 
ration of the alloys can be effected with- 
in a very short^ time. 

In contradistinction to the known 
processes in which the result of the treat- 
15 ment is better when the temperature 
difference between the crystallising solid 



phase and the centre of the remaining 
melt is as small as possible, according to 
the present invention it was recognized 

20 firstly that a relatively high temperature 
drop amounting to from 5° to 20° C, 
created in consequence of the intensive 
abstraction of heat from the melt in the 
film, on the boundary between the cry- 

25 stallisation surface and the melt pro- 
duces besides the already mentioned 
possibility of shortening the duration of 
the separation process, still further un- 
expected results in the higher purity of 
til) both the remaining liquid and solid 
phase. 

The film with its steep temperature 
drop divides the entire volume of the 
melt under treatment sharply into two 
35 regions. One of them is the molten alloy, 
the other is the zone of the crystallised 
solid phase. The latter zone adjoins im- 
mediately the intensively cooled surface 
assisting in the formation of a great 
4U number of crystal nuclei, so that the 
separated solid phase consists merely of 
very fine crystals. As the region of the 
crystallisation in which the temperature 
of solidification is reached is inconsider- 
45 able m relation to the entire volume of 
the alloy to be treated, the small crystals 
forming have to be packed close together, 
. so that practically all the liquid phase 
is forced out of the solid phase. It was 
50 not known before that the formation of 
fine crystals can be advantageously used 
for^ improving the result of the " sepa- 
ration. As known, the previous practice 
sought to avoid the formation of such 
oo minute crystal units because the losses 
of the included liquid phase retained in 
the numerous interspaces and cavities of 
the same were very considerable, if such 
crystal units were produced as separated 
t)U units m the body of melt. 

There is still one more advantage of 
the steep temperature drop in the film. 
I he temperature of crystallisation, as 
already stated, is reached in the erystal- 
h^hon zone only, whereas the tempera- 



ture in the liquid phase, being practic- 
ally uniform in the whole body, is kept 
higher by the value of the temperature 
drop. Therefore, there is no danger oi 
any local solidification of liquid phase 70 
even ii during the cooling the tempera- 
ture in the crystallisation zone has been 
lowered as far as the eutectic tempera- 
ture of the alloy. Having this advan- 
tage in view, the new method gives much 75 
better yields than other known processes 
particularly in the isolation of eutectic 
alloys. 

According to the invention in the 
separation of an alloy, the procedure is 80 
substantially as follows: 

The completely molten alloy is allowed 
to cool with, continuous stirring, the 
abstraction of heat by means of the cry- 
stallisation surface and the speed of cool- 85 
mg being properly related to one an- 
other to prevent solidification in the body 
of the melt and to obtain the best yield 
from the process. When the tempera- 
ture of the freezing point of the desired 90 
phase of the molten alloy is reached on 
the crystallisation surface, the higher 
melting phase begins to freeze out and 
produce a solid phase. As the tempera- 
ture becomes lower, the solid phase con- 95 
tmues to separate and the remaining 
liquid phase becomes richer in lower 
melting phase. As soon as the liquid 
phase reaches the desired composition, 
the cooling is stopped and the separated 100 
solid phase is removed from the remain- 
ing melt. 

During the procedure so much heat is 
abstracted from the melt through the 
crystallisation surface that a relatively 105 
high temperature drop occurs on the 
boundary between the melt and the cry- 
stallisation surface, that is in the film. 
Liiis dilterence in temperature is main- 
tained from 5°— 20° C, say about 10° 110 
0. In order to keep such a temperature 
drop, the heat accumulated in the molten 
alloy and in the masonry of the furnace 
is sufficient in some eases; otherwise, if 
the metallic melt is a good heat con- 115 
ductor, it is necessary to heat tie melt 
at points remote from the crvstallisation 
surface. 

The course of the crystallisation and 
separation process is advantageous con- ion 
ducted according to the indication of a 
thermometer dipping into the melt. If 
the equilibrium diagram of the allov to 
be treated is known, the composition of 
the remaining liquid phase can be eon- 125 
tmuously followed. It must be remem- 
bered, however, that equilibrium be- 
tween solid phase and liquid phase is 
established only in the crystallisation 
zone, so that the measured temperature 130 
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in the melt is higher by the temperature 
drop existing in the film than the equili- 
brium temperature. The value of this 
temperature drop in the given case can 
6 be easily ascertained by experiment. 

The motion of the melt produces suffi- 
cient .convection currents so that at any 
instant the composition in the main body 
of liquid phase and its temperature are 
10 uniform throughout the whole body of 
the melt. It has been found that the 
layer of solid phase separated on the 
crystallisation surface is mcrre compact 
and poorer in included liquid phase the 
15 more rapid is the movement of the melt. 
In use on an industrial scale certain 
limits will be imposed on this movement 
in view of the substantial risk of oxida- 
tion of the metal and splashing of the 
20 melt. If in technical practice the motion 
in the melt is produced by means of a 
stirrer, the stirrer performs between 50 
and 400 revolutions per minute accord- 
ing to the size of the equipment. 
25 It has been further ascertained that a 
smaller crystallisation surface gives 
better results as regards the yield of 
liquid phase than a larger one. But if 
a satisfactory result of crystallisation on 
30 a smaller crystallisation surface is to be 
obtained, a more powerful means for 
cooling down the crystalliser must be 
used, for instance running water. 

When separating alloys according to 
35 the invention the speed of cooling the 
melt must not increase 
maximum, above which the solid phase 
- does .not separate only on the crystalliser. 
but partly also in the body of the melt 
40 in the form of minute crystals. This 
maximum speed of cooling depends both 
on physical and chemical qualities of the 
alloy and on the intensity of stirring and 
amount of neat extracted from the melt 
45 through the crystallisation surface. In 
the given process the most advantageous 
condition can be easily ascertained by an 
experiment . 

The separation according to the inven- 
50 tion is in practice effected by means of 
a furnace which is equipped with a 
device for effecting the necessary move- 
ment of the melt and in which the neces- 
sary abstraction of heat from the melt is 
55 rendered possible by a crystallisation 
surface of a suitably chosen crystalliser 
in contact with the melt. Preferably 
there is used for this purpose a crucible 
furnace heated by means of gaseous, 
60 liquid or solid fuel, or by an electric 
resistance or inductively. Further, for 
this purpose, there may also be used a 
built-in well-insulated pan which is pre- 
heated and subsequently filled with a 
65 molten alloy. In the crystallisation 



process the pan unit is, if desired, addi- 
tionally heated by combustion of gas or 
by an electric arc or by a resistance im- 
mersed in the melt or arranged above the 

melt. _ 70 

The crystalliser used is so mounted 
that the flow of the melt effected by stir- 
ring is directed towards it, the melt 
being kept at the required temperature 
by reason that on its travel it passes <o 
through a heating zone. The crystal- 
liser may be fitted directly in the wall 
or in the bottom of the refining vessel, 
the respective surface being cooled from 
the outside, for example, by means of a SU 
cooling coil mounted in the masonry. 
With the same effect, there may be 
used as a crystalliser a hollow cylinder 
which dips into the bath of melt and 
which is cooled internally by means of a, **D 
gas, a spray of liquid or a stream of 
water. 

The movement of the bath is effected 
either by means of a mechanically oper- 
ated stirrer or by means of an alternat- 90 
ing or rotary magnetic field which is set 
up by means of an alternating current 
coil surrounding the crucible. In cer- 
tain cases there may be used an alternat- 
ing or rotary magnetic field, whereby 95 
also heat is induced in the melt by eddy 
currents. 

As an advantageous solution of the 
problem there has been used a combin- 
ation in which the crystallisation surface \QQ 
is provided at the bottom of the crucible 
and the heating body is mounted above 
the bath level, the bath being set in 
movement either mechanically or by the 
action of a changing magnetic field. 105 
After the finish of the process, the liquid 
is first poured off and the solid adhering 
to the bottom of the crucible is either 
melted out or broken out. 

According to a modification the mech- 110 
anically operated stirrer can also be used 
as a crystalliser, if the stirrer is formed 
hollow and cooled internally by means of 
air, water or other cooling medium. 
After the finish of the process the stirrei 115 
is lifted out of the melt and the solid 
layer clinging thereto is mechanically 
loosened from the wall of the crystalliser. 
The liquid is then poured from the fur- 
nace or removed bv tapping* or running 120 
off. 

As already stated, the result of the 
new separation process as to the yield and 
the purity of isolated liquid phase as 
well as the speed of crystallisation is 125 
much better than that of known 
stationary fractional crystallisation. The 
obtained solid phase is already after a 
single operation so concentrated in the 
higher melting phase that any further 130 
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treatment for increasing the yield of 
liquid phase is unnecessary. In this re- 
spect the new process is superior to other 
known processes proposed for separating 
o of alloys such as separation of solid phase 
decantation filtration ' centrifuging- or 

Examples. 

in ii ~i EXAMPLE 1. 

Production of a tin alloy: 

200 k.g. of alloy of the following com- 
position: r 

53.04% tin. 
32.20% lead. 
1» 12.08% antimony. 
2.40% copper, 
were according to the present invention 
subjected to fractional crystallisation in 

20 and ToF V ^T*" 6 be ^ een 340 ° 

*v and -102 C. The last named tempera- 
ture is 10 above the melting point of 
the ternary eutectie Sn— Pb— Sb. Dur- 
ing the entire operation which lasted for 
b hours, the me t was kept in lively move- 

25 nient by a stirring device performing 110 
revolutions per minnte. Through the 
walls of the stirring device 5000 calories 
were abstracted per hour aud the melt 
V T S °, \ 6i,ted « ster nally that the velo- 

av city of its cooling amounted to 25° C 
per hour. The difference between the 
■emperature of the melt and that of the 
'•ooling walls a mounted to 10° C 4fter 

35 no»7t of *¥ fi * al . temperature of 
i X" *Vf mixing device was lifted out 
and tne alloy clinging thereto removed. 
Ihe amount of the residual melt was 144 
kgs., that is, 72% of the initial alloy. 

40 4e e fSS^ : °l 0f tte Mv * melt ™ 
54.05% °tin. 
41.50% lead. 
•3.55% antimony. 

ihe yields obtained are considerably 
greater than those which were obtained 
by known processes' of fractional crystal- 
hsation of alloy of the same composition 
Hie known process took 60 hours our! 
50 gave 48% of a final melt of the follow- 
ing composition: 
54.40% tin. 
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41.50% lead. 
3.67%, antimonv. 
0.20 % copper. 

EXAMPLE ° 

eufectic UCti ° U ° f 311 al ™"«um silicon 
fin ,,?5 legs, of a crude allov with 31 5°/ 
60 siheon and the residue LnsSing'/f 
aluminium together with small quanti- 
ties of iron and titanium were for tha 
purpose of obtaining the eutectie Sort! 
mg to the present invention, subjected to 
65 fractional crystallisation within 1 a ? tem- 



perature range of 840° to 591° C. The 

in this process 
measured m the bath was about 14° above 
mat of the eutectie in question. 

The fractional crystallisation was 70 
ehected m a crucible the outer walls of " 
which were surrounded by a copper coil 
traversed by alternating current of 50 
cycles per second. By regulation of the 
intensity of the current there was set up 75 
in such a strong magnetic field in the 
interior of the crucible that the metal 
oath was .set m movement, performing 
330 revolutions per minute. In order to 
avoid oxidation of the metal during 80 
treatment, the surface of the bath was 
covered with 3 kilograms of a salt melt 

T S1 ™?§° £ 2 ! % ^ ol% bari ™* chloride, 
30 Mol% potassium chloride and 33 
Mol% sodium chloride. 85 

t„? U} l ns ^ e eutire Process which lasted 
* flutes 14,400 calories were 
abstracted from the melt through the 

f}T 0t n t]le , , ' racible ' tlie ™ft being 
additionally heated by a hot body 90 
arranged above the bath to such an 
extent that the speed of cooling of the 
bath amounted to about 4.3° C ner 

rSted the ™ ^^itions" there 

resulted a difterence of 14° C. between 

the temperature of the melt and £ of 95 
crucible g ° f tte b ° tt0m ° f tie 

of^QK n^™* t]l * temperature 
M o«H L . the current which produced 1(10 

■uoted°. V ^ lent - f i *H e ^ ™» ^ 10 

fro •tV lual , melt was Powed 

fiom the crucible, and the crystal laver 

deposited on the bottom of thTcruX 

zaxff& tar 01 ? a ? a 

nhtm'no,? i • . amou , 11 <' or the eutectie 
the reSdii^i aim -^ 12 - 9% silico11 ™* 
is, a. 8% of the initial alloy, i e eon 
siderably more than was obtained t»V anv , i n 
other separating process durin- / dtl 110 
Proportionately longer period °of opert 

As will appear from the foregoinc +J,p 
process of the invention i s applicable to i ^ 
he production of eutectie alloys by W 115 
tionul crystallisation in which the c ™ 
stalhsation is concluded as soon as the 
bath temperature has fallen to n i 
exceprlino. +7^ j. . - lauen t0 a value 
about fh! ♦ etitectie temperature by ion 
.lUout the temperature difference «.+ fh* 
crystallisation surface. meience dt the 

ascertainerf +1 par * icl - lIarl y described and 

tioT ™ ? • nature of our sa id inven- 
tion and m what manner the same is tn „ t 
be performed, we decln™ +W if I 125 
claim is:— ae(? iare that what we 

f 5' i - Pro ? ess for separating allovs 
fractmna .crystallisation in which ^tho^ 
phases which vnKAi-e^ c I y7Ulca mose 

wnicn solidify fi rsf are caused tQ l3Q 
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separate out at relatively cool points 
characterised in that with controlled 
cooling of the melt, the abstraction ot 
heat is effected only by way of a deter- 
5 minate crystallisation surface, and at tne 
same time the melt is maintained m 
lively uninterrupted movement, so that 
the temperature and the composition ot 
the melt remain uniform throughout, 
10 and onlv dose to the crystallisation sur- 
face is there set up a temperature and 
concentration drop in which the difference 
in temperature between the melt and tne 
crystallisation surface is maintained at 
15 from 5° to 20° C, say about 10 O. 

o Process according to claim 1, char- 
acterised in that the artificially cooled 
crystallisation surface is formed by the 
walls or parts of the walls of the vessel 
on serving- to contain the melt, the melt 
being set in movement in known manner, 
for example by a mechanically driven 
stirrer or by the action of an alternating 
magnetic field. 
25 3. Process according to claim 1, fur- 
ther characterised in that the artificially 



cooled crystallisation surface is formed 
by the surface of a hollow stirrer cooled 
internally and mechanically driven. 

4 Process for the production Ot tJU 
eutectic alloys by fractional crystallisa- 
tion according to claim 1 or claim I or 
claim 3, characterised in that the cry- 
stallisation is concluded as soon as the 
bath temperature has fallen to a value 6b 
exceeding the eutectic temperature by 
about the temperature difference at the 
crystallisation surface- 

5. The herein described process ot 
separating alloys. 40 

6. The process of separating alloys 
according to Example 1. m 

7. The process of separating alloys 
st wording to Example 2. 

Dated this 2nd day of JgguA. 1946. 
CRUIKSHANK & EAIRWEATHER, 

Chartered Patent Agents, 
oq St. Vincent Place, (xlasgow, C.l, and 
29, Southampton Buildings, 
London, W.C.2, 
Agents for the Applicants. 
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